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Primary saproxylic beetles play a major role in forest nutrient cycling and making 
deadwood accessible to other decomposers. Understanding beetle host preferences and patterns 
of community assembly is critical for their conservation, and for predicting which species might 
become invasive. This project aims to investigate the ecological and host specificity, as well as 
the community composition of curculionids in a mosaic of old-growth (OG) and secondary forest 
on the Osa Peninsula, Costa Rica. The subfamily Scolytinae was expected to be the most 
species-rich and abundant. Ambrosia beetles were expected to have more generalist species than 
other curculionids. Old growth forest was expected to yield more diversity and specialized 
curculionids, showing greater stratification. Lecythidaceae (the Brazil nut family) was 
hypothesized to yield the highest abundance and number of host specialist species. Forest stage 
was expected to be the strongest factor in determining overall community composition.  
Forty-one trees (six plant families), were sampled. Branches were cut during the 
transition from dry to rainy season (2013) and exposed to beetles at canopy and ground strata. 
The branches yielded 8,761 individuals, from 91 species in eight curculionid subfamilies. 
Scolytinae had the highest species richness (N = 33) and abundance. Fourteen weevils were host 
specialists. Nine ambrosia beetles were host specialists, associated with either Lecythidaceae or 
Fabaceae (legume family). Secondary forest yielded the highest number of forest stage specialist 
species (N = 18). Ground stratum in secondary forest had the highest species diversity, while OG 
canopy yielded the highest relative abundance. The Brazil nut family yielded almost half of all 
curculionids (4,356 individuals in 51 species). Host plant species was the main deterministic 
factor for the community structure. Therefore, saproxylic curculionids are extremely vulnerable 
to forest disturbance and could be at risk in the face of climate change.  
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 Ecological communities are assemblages of co-existing species that partition or compete 
for resources. These assemblages are the links between species and ecosystem function (Chase & 
Leibold, 2003). Understanding communities, and the forces that shape them, is critical to 
ecosystem management and preservation. Studying the interactions between species and their 
environment allows us to predict possible consequences of climate change. Community structure 
analyses allow us to evaluate environmental tolerances and niche partitioning among species in a 
community. These analyses also allow us to test assembly hypotheses related to ecological 
processes such as environmental filtering (Cavender-Bares et al. 2009; Webb et al. 2002). This 
makes it possible to protect ecosystems with the highest actual biological diversity (rather than 
simply the maximum number of species), or to infer what processes are most important in 
community assembly. 
Environmental filters and interspecific competition (leading to resource partitioning) 
influence species assemblages. This results in non-random assemblages with respect to the 
relatedness of the species in a community (Pearse et al. 2013; Webb et al. 2002). Environmental 
filters can include abiotic factors (e.g., temperature, moisture, and light availability) and/or biotic 
factors (e.g., host availability and defenses, the presence of predators, or symbionts). These 
filters select for species with specific traits or similar physiological tolerances. Due to niche 
conservatism, closely related species tend to have more similar tolerances and occupy similar 
niches, compared to distantly related species (Ibanez et al. 2016; Olalla-Tarraga et al. 2011; 
Pyron et al. 2014). 
Forest disturbance results in modifications of light, temperature, and humidity, and can 
strongly influence the biodiversity, community structure, and interactions of plants and animals. 
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Secondary forests are created after a forest is altered by natural or anthropogenic disturbances 
(Laska 1997). Anthropogenic activities (such as logging) can reduce canopy cover, allowing 
more sunlight to reach the ground. These disturbances can reduce microclimatic heterogeneity by 
minimizing climatic differences between canopy and ground strata, potentially resulting in 
similar microclimates (dry, hot, and airy) (Guariguata & Ostertag, 2001). Secondary forests 
provide conditions that favor early colonizing, pioneer trees. These trees have morphological and 
developmental characteristics that allow them to survive in disturbed environments. Pioneer trees 
have higher rates of photosynthesis and growth, low wood density, and more mechanical 
defenses (Gelder et al. 2006; Liebsch et al. 2008). Secondary forests start to resemble old-growth 
(OG) forests in structure and species composition after 40 to 80 years of undisturbed growth, 
depending on the type of disturbance (Aide et al. 2000; Dewalt et al. 2003; Liebsch et al. 2008).  
Trees in OG forests are usually characterized by slower growth rates, higher wood 
density and more chemical defenses than trees in secondary forests. The trees vary in diameter, 
and large logs are usually found at ground stratum (Guariguata & Ostertag, 2001; Silvestrini et 
al. 2007). There is a dense canopy cover, which results in significantly different microclimates 
between the canopy (dry and hot) and ground strata (cool and moist) (Guariguata & Ostertag, 
2001; Lee et al. 2014). The canopy stratum undergoes major environmental fluctuations, while 
the ground stratum remains more stable. These fluctuations can potentially create major 








Saproxylic (deadwood-associated) curculionid and cerambycid beetles are among the 
first to colonize dying or newly dead trees, initiating nutrient cycling and facilitating colonization 
for other decomposers (Schroeder 1992; Hammond et al. 2001; Calderon & Berkov 2012). The 
family Curculionidae (weevils, bark, and ambrosia beetles) is one of the largest animal families 
in the world, estimated to include over 50,000 described species in 4,600 genera (Oberprieler et 
al. 2007). Curculionids are ubiquitous, collectively feeding on almost every structure and 
substrate of angiosperms and gymnosperms. Over 15,000 weevil species (in the subfamilies 
Conoderinae, Cossoninae, Cryptorhynchinae, Dryophthorinae, Molytinae, and some Baridinae) 
feed on dead or dying wood during their larval stages. In addition, Scolytinae (bark beetles and 
some ambrosia beetles) include over 6,000 species, and Platypodinae (ambrosia beetles) contains 
approximately 1,500 species. Thus, about 45% of all curculionids (>22,000 species) depend on 
dead or dying trees during some part of their life cycle (Oberprieler et al. 2007). 
In French Guiana, most saproxylic Curculionidae are small in size and prefer relatively 
cool temperatures and high moisture environments (Fassbender 2014). Curculionids collected in 
Panama via light traps, increased in abundance at the beginning of the wet season, followed by 
another increase in the middle of the wet season (Wolda et al. 1998). In Panama, a wet forest 
produced 37% more host specific curculionid species than a dry forest (Ødegaard 2006). A 
rearing experiment conducted in Panama during the dry season yielded few curculionids, relative 
to the number of cerambycids (A. Berkov & T. Eng, unpubl. data). These preferences for moist 




If saproxylic curculionids are host-specific, their survival also depends on the availability 
of their host trees. Host associations of bark and ambrosia beetles are best known because some 
kill economically important trees (Kirkendall & Ødegaard 2007; Aukema et al. 2011; Hulcr et al. 
2015; Kirkendall 2015). Ambrosia beetles are inbreeders that carry and depend on a complex 
community of fungi, bacteria, and mites that allow them to feed on, break down, and recycle 
plant tissues (Kirkendall 1983; 2015). Some ambrosia beetles depend on free-living fungi 
associated with dead wood, while others are social fungus-farmers that form colonies inside dead 
or dying trees (Hulcr et al. 2007; Hulcr and Stelinski, 2017). In a New Guinea rainforest, 95% of 
ambrosia weevils showed no preference for any of the studied host plants, and thus, were 
considered generalists (Hulcr et al. 2007). Bark beetles, which feed directly on plant tissues, 
were less species-rich than ambrosia beetles but more host-specific. Host associations among 
saproxylic weevils are poorly known, but according to Fassbender et al. (2014), several 
curculionid species are consistently associated with trees in the Brazil nut family. 
 
Study aims and hypotheses 
 The objective of this project is to investigate the diversity, specificity, and community 
composition of Neotropical saproxylic curculionid beetles across two forest successional stages, 
two forest strata, and nine host plant species in a mosaic of OG and secondary forest.  
1) Based on the observed global species richness of Curculionidae (Oberprieler et al. 2007), 
I hypothesize that the subfamily Scolytinae will yield the highest species richness, 
abundance, and diversity, followed by Cryptorhynchinae and Conoderinae, while 
Cossoninae and Platypodinae should exhibit comparatively low species richness, 
abundance, and diversity.  
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2) Due to curculionids’ relatively small size, and preference for cool, moist environments, I 
hypothesize that curculionids in OG forest will have a higher species richness, diversity, 
and abundance, but to have higher evenness in secondary forest. 
3) I hypothesize more vertical stratification in OG forest in the following ways: a) canopy 
strata in both OG and secondary will be similar in species richness and diversity; b) the 
OG ground stratum will have higher species richness, abundance, and diversity, but less 
evenness than ground stratum in secondary forest; and c) There will be greater overlap of 
beetle species between strata in secondary forest than OG.  
4)  Cerambycids reared from the same branches were more abundant and species rich in the 
plant family Lecythidaceae, therefore, I hypothesize that curculionids will be more 
abundant, even, species-rich, and thus, more diverse in Lecythidaceae. 
5) Due to differing exposure to host plant secondary metabolites, I hypothesize that OG 
forest and host plants in OG forest should yield more specialized curculionids and these 
specialists will be more abundant.  
6) Saproxylic curculionids in French Guiana and cerambycids reared from the same 
branches showed high preference for the plant family Lecythidaceae, therefore, I expect a 
higher number of host specialists in Lecythidaceae.   
7) Weevils and bark beetles feed on chemically defended plant tissue, while ambrosia 
beetles feed on fungi rather than directly on plant material, therefore, I expect weevils 
and bark beetles to be more host specific, but that these specialists will appear in lower 
abundance than ambrosia beetles. 
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8) Lastly, due to differences in curculionid environmental tolerances and host preferences, 





This study was conducted at the Piro Biological Station of Osa Conservation, Osa 
Peninsula, located on the Pacific side of Costa Rica, 8.24°N, 83.20°W. The Osa Peninsula is 
moist and humid, with a mean annual rainfall of 5500 mm. The wet season extends from April 
through November and the drier season, defined as months that receive < 200 mm of 
precipitation, occurs between December and March. The Osa Peninsula has elevations that range 
from sea level to 760 meters, and the mean annual temperature is 24–28°C (Sanchez-Azofeifa et 
al. 2002; Cornejo et al. 2012; Sandor and Chazdon, 2014).  
Osa contains the largest and last intact lowland rainforest in Central America, preserved 
in Corcovado National Park (Sanchez-Azofeifa et al. 2002; Wilson et al. 2011). The main 
rationale for creating and protecting this park was that it is one of the most biodiverse places on 
Earth (Barrantes et al. 1999; Cornejo et al. 2012). The vegetation is representative of a lowland 
moist forest. Cornejo et al. (2012) documented 454 tree species, 4.8% of which were endemic to 
the peninsula. Osa is therefore an excellent site for ecological studies, especially studies of insect 
communities that depend on a high diversity of tree species. Most of the peninsula, including 
Osa Conservation, contains a mosaic of old growth (OG) and secondary forest, which is 
approximately 25 years old (Sanchez-Azofeifa et al. 2002). The mixture of OG and secondary 
forest is the product of previous land use: plantations, pasture, and logging. 
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Tree Sample, Beetle Rearing  
A beetle-rearing project was conducted at Osa Conservation (March 2013–June 2014). 
Reinaldo Aguilar identified forty-one trees, representing nine species from six families: The 
Brazil nut family (Lecythidaceae), the fig family (Moraceae), the bean family (Fabaceae), the 
chicle family (Sapotaceae), the Hibiscus family (Malvaceae), and the coffee family (Rubiaceae) 
(Appendix 1). These plant families were selected because the Osa Peninsula represents the 
northern-most limit to many Amazonian trees (Mori 2011), and there are comparative data from 
previous works in French Guiana (Tavakilian et al. 1997; Fassbender 2014; Lee et al. 2014). 
Most tree species were not equally abundant in both forests, so species were selected in each 
family based on their availability within either OG or secondary forest (Table 1; Appendix 1). 
 
Table 1: Host plant abbreviations and number of individuals sampled in each forest successional 
stage. 
 
Bait branches were cut and prepared by Christopher Roddick (Brooklyn Botanic Garden) 
and Lin Li (City College of New York) during the transition to the rainy season (March–April 
2013). For each tree, a canopy bait (8 cm x 75 cm) was suspended and the remaining branch was 
Plant Family Plant Species 
Species 
Abbr. 
   OG Secondary 
Fabaceae Lonchocarpus macrophyllus Kunth LM - 4 
 Tachigali tessmannii Harms TT 4 1 
Lecythidaceae Eschweilera biflava S.A. Mori EB 3 1 
 Gustavia brachycarpa Pittier GB 4 2 
Malvaceae Apeiba tibourbou Aubl. AT 4 2 
 Luehea seemannii Triana & Planch AS - 4 
Moraceae Castilla tunu Hemsl. CT 4 4 
Rubiaceae  Chimarrihis spp. Jacq  CJ - 1 
Sapotaceae  Pouteria torta (Mart.) Radlk. PT 3 - 
Total N = 41   22 19 
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exposed to saproxylic insects at ground stratum. The bait branches were collected during the wet 
season (June, 2013). The ground branches were then cut into three thick segments (approx. 8 cm 
x 75 cm) and six thin segments (3 cm x 75 cm). All branch segments were placed into no-seeum 
insect netting (Barre Army Navy Store, Barre, VT) cages and transported to a nearby rearing 
house. Cages were manually checked on a daily basis for adult insects until emergences declined 
(there were no further curculionid emergences after May 2014). Specimens were stored in 100% 
ethanol and exported to The City College of New York. I initially sorted curculionid specimens 
to subfamily and morphospecies using a dichotomous key of South American weevils (Marvaldi 
and Lanteri, 2005). Bark and ambrosia beetles were determined by Dr. Thomas Atkinson 
(University of Texas) and Dr. Lawrence Kirkendall (University of Bergen); Dr. Charles O’Brien 
identified all other curculionids. Most insect specimens are currently at the Berkov Lab, City 
College of New York, CUNY. A synoptic collection of weevils is in the O’Brien collection at the 
University of Arizona, while Dr. Thomas Atkinson has a synoptic collection of the bark and 
ambrosia beetles at Texas A&M University. 
 
Data analyses 
Species Richness, Abundance, Diversity, and Evenness  
I used EstimateS v.9.1.0 to assess species richness, abundance, and diversity for 
Curculionidae subfamilies, forest successional stage, and host plant family. The Chao 2 species 
estimator was used to estimate potential species richness. Simpson’s inverse index (1/D) was 
used to compare beetle species diversity. This diversity index was then divided by the number of 
species (S) to calculate evenness ((1/D)/S). Sample-based species accumulation curves were 
created to compare the three most abundant and species-rich curculionid subfamilies. All 
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branches originating from the same tree were considered a sample, and confidence intervals were 
generated with 100 randomizations. Beetle abundance was calculated by simply counting the 
number of beetles in each category. 
 
Stratification 
Since more wood was available on the ground than in the canopy, I assessed stratification 
by comparing each stratum by forest successional stage (OG canopy vs. secondary canopy; OG 
ground vs. secondary ground). The Chao Sorensen similarity index in EstimateS (v. 9.1.0) was 
used to compare the stratification within each forest stage. Diversity, evenness, and species 
accumulation curves were obtained as described above.  A Goodness-of-fit test (G-test) was used 
to determine whether curculionid abundance was proportional to the number of bait branches 
available at each stratum, within each forest stage (approximately four times as much wood was 
available at ground stratum). 
 
Host plant families 
Diversity, evenness, and species accumulation curves were calculated for host plant 
families as stated above for beetle subfamilies. Sapotaceae and Rubiaceae were excluded due to 
small sample sizes (N = 3 and N = 1, respectively). 
 
Ecological Specificity and Indicator Species 
To assess the specificity of the curculionids across each ecological variable, I adopted the 
method used by Wardhaugh et al. (2013). This method places each species into one of three 
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categories (specialist, preference, or generalist) based on the proportion of individuals collected 
from the preferred forest successional stage (Sf), forest stratum (Ss), host plant family (Sh):  
Sf, Ss and Sh = N individuals from the forest stage, stratum, and preferred host  
Total N individuals 
 
The proportions for host plant family were also adopted from Wardhaugh et al. (2013): 
Specialist: Sh ≥ 0.9; Preference: 0.5 ≤ Sh < 0.9; and Generalist: Sh < 0.5. These proportions were 
modified for the binary ecological variables (forest stage and stratum): Specialist: Sf, s ≥ 0.9; 
Preference: 0.75 ≤ Sf, s < 0.9; Generalist: Sf, s < 0.75. G-tests were conducted to examine if the 
abundance of specialist, host preference, and generalist individuals in each category was 
proportional to the total number of species in that category. Expected abundance was calculated 
for forest stage and host plant family by dividing the total number of individuals in each category 
by the number of beetle species in the category.  
To examine which curculionids were predictively associated with a particular forest 
successional stage, forest stratum, or host plant family, I used the indicator species analysis 
(ISA) in PC-ORD v.6. For each analysis, beetle species’ abundances were relativized (made 
proportional) to reduce the effects of extremely common/abundant species and increase that of 
very rare species. Indicator values (IV) were calculated using the Dufrene and Legendre (1997) 
method, which incorporates both constancy and relative abundance. A Monte Carlo test verified 
the significance of observed maximum indicator values, where p = ((1 + number of runs ≤ 
observed) / (1 + number of randomized runs)). Curculionid species were excluded if found in 







All beetle species were assigned to three feeding guilds (weevils, bark beetles, or 
ambrosia beetles). Scolytinae genera were assigned using classifications from Kirkendall et al. 
(2015). Platypodinae are known to be ambrosia beetles, while all other subfamilies were 
considered weevils. Curculionid species were excluded if found in only one sample or 
represented by < 5 individuals. 
 
Community Structure 
All community structure analyses were done in PC-ORD v.6; beetle species in fewer than 
two samples were excluded, and all abundance data were relativized. Nonmetric 
Multidimensional Scaling (NMS) was used to visualize the effects of forest stage, host plant 
family, and host plant species on the community composition of curculionids. The NMS was 
followed by a Multi-Response Permutation Procedure (MRPP) to test for significant within-
group agreement. I then performed a two-way cluster analysis for each plant family (excluding 
Sapotaceae and Rubiaceae, due to small sample size), using group average linkage and Sorensen 
(Bray-Curtis) distance measures (McCune and Mefford 2011). The cluster analyses were also 
followed by a MRPP, to determine the relative importance of forest successional stage and host 
plant species within plant families. 
 
Results 
Curculionidae: Species Richness, Abundance, Diversity, and Evenness 
Bait branches from 41 trees yielded 8,761 curculionid specimens in 91 species. They 
belonged to the two bark and ambrosia beetle subfamilies: Scolytinae and Platypodinae (6,931 
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individuals in 35 species) and six weevil subfamilies: Baridinae, Conoderinae, Cossoninae, 
Cryptorhynchinae, Curculioninae, and Molytinae (1,830 individuals in 56 species) (Table 2; 
Appendix 2). The subfamily Scolytinae made up 75% of the total curculionid abundance and had 
the highest species richness and diversity, represented by 6,578 individuals in 33 species. Within 
the Scolytinae, the genus Xyleborus had the highest abundance and species richness (2,222 
individuals in 11 species). The three most abundant scolytine species: Premnobius cavipennis (N 
= 1,476), Monarthrum posticum (N = 1,364), and Xyleborus bispinatus (N = 1,068) accounted for 
about 60% of the total abundance. 
The subfamily Cryptorhynchinae ranked second in species richness, abundance, and 
diversity (929 individuals in 27 species). Conoderinae ranked third in species richness, but fourth 
in abundance and diversity (404 individuals in 16 species). Of these three subfamilies, 
Conoderinae was significantly less species-rich (Fig. 1); the species accumulation curve is 
approaching an asymptote and the observed species-richness is approaching the Chao 2 estimate 
(Fig 1; Table 2). Molytinae had lower species richness but higher diversity than Conoderinae; 
with low abundance and high evenness (82 individuals in eight species) (Table 2). Platypodinae 
was represented by 353 individuals in two species. Cossoninae was represented by 412 
individuals in 3 species; 75% of the individuals were in one species, Micromimus minimus (N = 
307). Curculioninae (two individuals in one species) and Baridinae (one individual in one 






Table 2: Species richness, abundance, diversity, and evenness measures for beetle subfamilies, 
forest stage, forest strata, and plant family. 
 Observed Richness Abundance Chao 2 Diversity Evenness 
Baridinae* 1 1 - - - 
Conoderinae 16 404 18.9 3.66 0.23 
Cossoninae* 3 412 - - - 
Cryptorhynchinae 27 929 35.7 4.24 0.16 
Curculioninae* 1 2 - - - 
Molytinae 8 82 8 4.15 0.52 
Platypodinae* 2 353 - - - 
Scolytinae 33 6578 42.8 7.06 0.21 
OG 66 5967 78.12 7.38 0.11 
Secondary 72 2794 84.43 14.97 0.21 
OG-Canopy 30 1885 63.06  2.55 0.085 
Sec-Canopy 29 655 49.4 3.23 0.11 
OG-Ground 57 4082 66.55 6.94 0.12 
Sec-Ground 67 2139 81.98 13.33 0.20 
Fabaceae 44 2175 58.07 9.96 0.23 
Lecythidaceae 51 4356 67.55 5.96 0.12 
Malvaceae 49 762 90.79 8.09 0.17 
Moraceae 30 740 32.63 4.67 0.16 
Rubiaceae* 3 8 - - - 
Sapotaceae* 4 711 - - - 
 
Chao 2 = Species richness estimator, 1/D = Simpson’s Inv. Index. Evenness = (1/D)/S. Asterisks 





 Figure 1: Species accumulation curves for the three most species rich (N > 10) curculionid 
subfamilies. Dotted lines represent 95% confidence intervals. The subfamilies Cryptorhynchinae 
and Conoderinae were extrapolated to 39 samples, represented by dashes. 
 
Forest Successional Stage and Stratification  
Overall, secondary forest had a higher observed and estimated species richness, diversity, 
and evenness of curculionids, but OG forest had higher abundance (Table 2). Secondary forest 
yielded 2,794 individuals in 72 species, while OG forests produced 5,967 individuals (68% of 
the total abundance) in 66 species (Table 2). Ambrosia beetles made up 76% of the curculionid 
abundance in OG forest and 52% of the total abundance in secondary forest. Weevils made up 
about 21% of the total abundance in each forest type (Appendix 2). Approximately 31% (N = 28) 
of the curculionid species were reared solely from trees in secondary forest, while about 21% (N 
= 19) were reared exclusively from trees in OG forest. 
Relative to the amount of wood available, curculionids were overrepresented in OG 
forest, particularly in the canopy stratum, and underrepresented in secondary forest, especially at 
ground stratum (G = 1297.77, df = 3, p < 0.001) (Fig. 2). In the canopy, species richness was 
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similar in the two successional stages, but secondary forest was more species-rich and even (Fig. 
3a, Table 2). According to the Chao 2 estimator, OG canopy was projected to have higher 
species richness than secondary canopy, approaching the estimate for OG ground (Table 2). At 
the ground stratum, species richness, diversity, and evenness were higher in secondary forest 
than in OG forest (Table 2). In the species accumulation curve (Fig. 3b), the confidence intervals 
overlap, but the Chao 2 estimate for secondary ground is higher than that for OG ground. 
According to the Chao Sorensen similarity values, more beetle species were reared at both 
canopy and ground stratum in OG than in secondary forest (0.927 vs. 0.519, respectively). 
 Figure 2: Curculionid abundance across forest strata in OG and secondary forest. Dashed lines 






Figure 3: Species accumulation curves for OG and secondary forests, at canopy (A) and ground 
(B) stratum. Dotted lines represent 95% confidence intervals. Secondary forest had a smaller 





Host Plant Families 
Lecythidaceae yielded higher beetle abundance and species richness than any other plant 
family, with 4,356 beetles in 51 species, however species diversity and evenness were relatively 
low (Table 2). Within Lecythidaceae, Eschweilera biflava yielded high abundance and species 
richness (4,213 individuals in 38 species), while Gustavia brachycarpa yielded high species 
richness, but relatively low abundance (143 individuals in 31 species). Fabaceae produced the 
highest species diversity, second highest beetle abundance, and third highest species richness: 
2,175 beetles in 44 species (Table 2; Fig. 4). Within Fabaceae, Lonchocarpus macrophyllus 
produced high species richness and abundance (1,589 individuals in 35 species). Tachigali 
tessmannii yielded relatively low numbers of species and individuals (586 individuals in 15 
species). Malvaceae yielded the second highest species richness, diversity, and evenness, as well 
as the third highest abundance (762 individuals in 49 species). Within Malvaceae, Luehea 
seemannii and Apeiba tibourbou produced relatively high numbers of species and low beetle 
abundance (360 individuals in 36 species and 402 individuals in 31 species, respectively). 
According to Chao 2, many more species remain to be collected from Malvaceae in the Osa 
Peninsula (Table 2; Fig. 4).  
Moraceae, represented by Castilla tunu, produced 749 individuals in 30 species (Table 
2). In the species accumulation curves, it is the only plant family in which the number of weevil 
species associated with it appeared to be reaching an asymptote (Fig. 4), at significantly lower 
species richness than the families discussed above. The Chao 2 estimator suggests that > 90% of 
the saproxylic curculionids associated with C. tunu at this site were reared in this study. 
Sapotaceae and Rubiaceae were represented by few trees, and yielded the lowest number of 
curculionid species and individuals, and thus, were not included in the diversity analyses. A total 
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of 711 individuals from 4 species were reared from Sapotaceae; 94% of individuals belonged to 
the most abundant species in the entire project, Premnobius cavipennis (N = 1476). Rubiaceae 
yielded 8 individuals in 3 species (Table 2). 
 
 Figure 4: Species accumulation curves for the four host plant families with at least eight 
samples. Dotted lines represent 95% confidence intervals. Dashed lines represent plant families 
that were extrapolated to a sample size of 10 (Fabaceae and Moraceae). 
 
Ecological Specificity and ISA 
Forest Stage and Stratum 
A total of 60 species (out of 91) were included in the specificity and indicator species 
analyses (Table 3). Forest successional stage specialists were overrepresented in OG, but 
underrepresented in secondary forest (OG: G = 2191.4, df = 2, p < 0.001; Sec: G = 107.52, df = 
2, p < 0.001) (Fig. 5). Secondary forest yielded the highest number of forest specialists, while 
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OG forest yielded a higher abundance: 1,156 individuals from 18 secondary forest specialists and 
3,922 individuals from 13 OG forest specialists (Table 3).  Only 5% out of 60 species included in 
this analysis were indicator species for forest stage. Secondary forest yielded 3 indicator species, 
while OG forest did not yield any indicator species (Table 3). There were 18 forest stage 
generalists, which were underrepresented in OG forest and overrepresented in secondary forest 
(Fig. 5). 
Approximately 58% of the 60 species were specialists or had a preference for ground 
stratum (N = 35), and 22% were specialists or had a preference for canopy stratum (N = 13) 
(Table 3). The 35 species preferentially associated with ground stratum (in either forest stage) 
were represented by 4,876 individuals. The 13 species preferentially associated with canopy 
stratum (in either forest stage) were represented by 2,395 individuals (Table 3). The 12 stratum 
generalists were represented by 1,410 individuals. There were 11 indicator species for ground 
stratum, but no indicator species for canopy stratum (Table 3).  
 
Host Plant 
Host plants in secondary forest yielded a higher number of plant family specialists 
species (N = 26) than OG forest host plants (N = 22). In both OG and secondary forest, plant 
family specialists and generalists were underrepresented, and species that had a preference for a 
particular host plant family were overrepresented (OG hosts: G = 372.96, df = 2, P < 0.001; Sec 
hosts: G = 78.2, df = 2, P < 0.001) (Fig. 5).  
Only two out of 60 species analyzed for plant family specificity were broad host 
generalists. The other 58 species were specialists or had a preference for a particular plant 
family. Approximately 50% of the curculionid species were indicator species for their 
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corresponding host plant family (Table 3). Fabaceae and Lecythidaceae produced the highest 
number of specialists (N = 11 and N = 7) and the highest number of indicator species (N = 8 and 
N = 14), respectively (Table 3). The plant family Malvaceae yielded the same number of 
specialists as Lecythidaceae (N = 7), but only five indicator species. Moraceae produced the 
lowest number of specialists (N = 5) and indicator species (N = 3) (Table 3). No specialists or 
indicator species emerged from the plant families Sapotaceae and Rubiaceae. 
 Figure 5: Abundance of forest type and host plant family specialists, preference, and generalist 
curculionids. Dashed lines represent the expected abundance of each category based on the 





Approximately 56% of the total number of weevil species (N = 32) in this analysis were 
host specialists (N = 18). About 33% (N = 3) of the analyzed bark beetles were host specialists 
(Table 3). Ambrosia beetles showed a strong preference for Fabaceae and Lecythidaceae. All 
ambrosia host specialists (N = 9) were Lecythidaceae or Fabaceae specialists (Table 3). Bark 
beetles, on the other hand, were host specialists for Fabaceae and Moraceae, but also showed a 
preference for Malvaceae (Table 3). Host-specific weevils emerged from four plant families, 
however, Malvaceae yielded 39% of the host specialists. Two host generalists were reared, 
however, one was a Lecythidaceae indicator species. 
 
Table 3: Host plant, forest stage, and stratum curculionid specialization, and indicator species. 
Subfamily 





Conoderinae      
Lechriopini Lechriops coarctata 8 Mor Sec Ground 
 Lechriops porcata 43 Mor** Sec* - 
 Lechriops sp. 2 22 Mal*** OG - 
Piazurini Piazurus laetus 41 Lec** OG Ground 
 Piazurus maculipes 5 Lec OG Ground 
 Pseudopinarus condyliatus 50 Mal Sec Ground* 
Zygopini Archocopturus medeterae 6 Mal Sec Ground 
 Macrocopturus ruficollis 15 Fab Sec Canopy 
 Zygops sellata 194 Fab** - Ground 
Cossoninae      
Cossonini Cossonus foveatus 99 Mor*** - Canopy 
Dryotribini Micromimus minimus 307 Mor OG Canopy 









Cryptorhynchinae      
Cryptorhynchini cf. Tyrannion sp. 9 26 Mal* Sec - 
 Cryptorhynchini sp. 6 10 Fab** OG - 
 Cryptorhynchini sp. 7 11 Mal OG Canopy 
 Cryptorhynchus carinifer 33 - - - 
 Cryptorhynchus fraterculus 10 Mal - Ground* 
 Cryptorhynchus ignobilis 96 Lec** OG - 
 Cryptorhynchus sp. 10 5 Mal Sec Ground 
 Cryptorhynchus sp. 12 11 Fab OG Ground 
 Eubulus alticarinatus 9 Mal Sec Ground 
 Eubulus brevis 29 Fab Sec Ground 
 Eubulus circumlitus 26 Fab* Sec Ground 
 Eubulus ignifer 17 Lec Sec Ground 
 Eubulus? sp. 15 15 Mal* - Ground* 
 Gasterocercini sp. 17 415 Fab** OG - 
 Sternocoelus tardipes 19 Mal - Ground* 
 Pisaeus complanatus 55 Mal*** - Canopy 
 Pisaeus varicus 120 Mal** - - 
Molytinae      
Anchonini Acorep (Acorep) sp. 19 14 Mal OG Ground* 
 Acorep (Spinachonus) sp. 20 29 Mal OG Ground* 
 Acorep (Spinachonus) sp. 21 23 Mal - Canopy 
Platypodinae      
Platypodini Megaplatypus artecarinatus a 249 Fab Sec Ground 
 Euplatypus segnis
 a 104 Fab Sec Ground 
Scolytinae      
Corthylini Amphicranus sp. 31a 22 Lec* OG Ground 
 Monarthrum corculum










 a 1364 Lec * OG Ground 
 Monarthrum robustum
 a 234 Lec *** OG Ground 
Cryphalini Hypothenemus crudiae b 11 Mal - Canopy 
 Hypothenemus eruditus b 422 Mal - - 
 Hypothenemus plumeriae b 19 - (Lec**) - Ground** 
 Trischidia exiguus c 32 Fab Sec Canopy 
Dryocoetini Coccotrypes cyperi b 30 Lec - Ground** 
Hexacolini Pycnarthrum sp. 23 b 8 Mor Sec Canopy 
Ipini Premnobius cavipennis a 1476 Lec* OG Canopy 
Micracidini Hylocurus elegans b 345 Fab*** Sec* Canopy 
Xyleborini Euwallacea posticus b 78 Fab*** Sec Ground 
 Coptoborus catulus b 7 Fab Sec Canopy 
 Coptoborus vespatorius b 6 Lec OG - 
 Xyleborus affinis a 210 Lec* - - 
 Xyleborus bispinatus a 1068 Lec** - Ground 
 Xyleborus discretus a 56 Fab - Ground* 
 Xyleborus ferrugineus a 576 Lec* - Ground 
 Xyleborus horridatus a 33 Fab Sec Ground 
 Xyleborus impolitus a 186 Fab*** Sec Ground 
 Xyleborus semipunctatus a 11 Fab* Sec* Ground 
 Xyleborus sparsipilosus a 20 Lec** OG Ground 
 Xyleborus volvulus a 59 Lec*** OG Ground* 
 Xylosandrus crassiusculus a 46 Lec** - Ground* 
 Xylosandrus morigerus
 a 7 Mal Sec - 
Bold represents specialist, while normal font represents preference for that particular category.  
- = Generalist for specific category.  Host plants: Fab = Fabaceae, Lec = Lecythidaceae, Mal = 
Malvaceae, Mor = Moraceae. OG = Old growth forest and Sec = Secondary forest. Significant 
indicator species values are represented by asterisks; * = p < 0.05, ** = p < 0.01, and *** = p < 





Community Structure: NMS and Two-way Cluster 
The Nonmetric Multidimensional Scaling (NMS) analysis generated a three-dimensional 
solution with a stress level of 17.6 (p < 0.01). Fig. 6 shows (a) Axes 1 vs. 2 and (b) 2 vs. 3 of the 
three-dimensional model. Plant species was the most important variable in determining 
curculionid community composition (MRPP: A = 0.14, P < 0.001). Plant family and forest stage 
did not influence the community structure, with high within-group heterogeneity (MRPP for 
plant family A = 0.04, p > 0.05; MRPP for forest stage A= - 0.01, p > 0.05). Most samples 
grouped by plant family, except for Fabaceae and Lecythidaceae. In Fig. 6a, the two species of 
Fabaceae, L. macrophyllus and T. tessmannii, form separate clusters and the specimen of T. 
tessmannii in secondary forest grouped with OG T. tessmannii. In Fig. 6b, axis 1 vs. 3, the two 
Fabaceae species clustered. In Lecythidaceae, all E. biflava individuals grouped (OG and 
secondary forest), while G. brachycarpa failed to form a distinct cluster (Fig. 6a & 6b). 
Malvaceae intergraded with Lecythidaceae and Moraceae, with specimens of A. tibourbou more 
tightly clustered but not distinguished by forest stage. Moraceae, represented by C. tunu in both 
OG and secondary forest, formed a cluster but failed to separate by forest type. Sapotaceae, 






































Figure 6: Plant species was the most important variable in determining curculionid community 
composition. (A) and (B) represent axes 1 vs. 2 and 1 vs. 3, respectively, of a three-dimensional 
Nonmetric Multidimensional Scaling of host tree individuals. Plant families are represented by 
color: Black = Fabaceae, Brown = Lecythidaceae, Blue = Malvaceae, Red = Moraceae, and 
Purple = Sapotaceae. Closed symbols represent trees in OG forest, and open shapes trees in 
secondary forest. 
 
The two-way cluster analysis shows that the two species in Fabaceae form discrete 
clusters (Fig. 7a). Plant species was the most significant factor in determining the community 
composition, with comparatively low within-group heterogeneity. Forest stage showed almost as 
much clustering (MRPP for plant species: A = 0.12, p < 0.01; MRPP for forest stage: A = 0.11, p 
< 0.01); T. tessmannii was mainly sampled in OG forest, and L. macrophyllus exclusively in 
secondary forest. Six indicator species were produced by L. macrophyllus, while T. tessmannii 
yielded three indicator species, one of which was reared from trees in both successional stages. 
In Lecythidaceae, E. biflava was strongly preferred by scolytines, especially ambrosia beetles 
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(Fig. 7b, Appendix 2). G. brachycarpa had a more phylogenetically diverse community 
composition, yielding species from multiple curculionid subfamilies. Plant species was the main 
factor in determining community composition, but with comparatively high within-group 
heterogeneity (MRPP for plant species: A = 0.081, p < 0.01; MRPP for forest stage: A = - 0.005, 
p > 0.05). In OG, 13 indicator species were reared from E. biflava, five were reared from the one 
individual of E. biflava in secondary forest. 
Although species of Malvaceae did not form well-defined clusters, the MRPP analysis 
showed weak clustering by plant species and forest stage, but with high within-group 
heterogeneity (MRPP for plant species: A = 0.056, p < 0.01; MRPP for forest stage: A = 0.04, p 
< 0.05) (Fig. 7c). The plant family Malvaceae produced five indicator species, which were reared 
from both host plant species, A. tibourbou and L. seemannii (Fig. 7c). In Moraceae, C. tunu was 
sampled in OG and secondary forest, but it was the only species representing the family. 
Therefore, only data on forest type can be interpreted. The MRPP analysis showed that forest 
type did not have a significant effect on community composition (MRPP: A = 0.042, p > 0.05). 
C. tunu in OG and secondary forest yielded only three indicator species. Two of those species 
were the most abundant species in the subfamily Cossoninae, which were almost exclusively 













Figure 7: Two-way cluster analyses for each plant family show plant species, forest stage, and 
the most influential beetle species in each plant community. (A) = Fabaceae; (B) = 
Lecythidaceae; (C) = Malvaceae; (D) = Moraceae. Plant species code (Table 1) and individual, 
followed by forest successional stage (OG = old growth, sec = secondary), are shown on the left 
of each graph. Beetle names are shown on top of each graph; bold names represent indicator 





Curculionidae is one of the largest and most diverse groups of animals in the world 
(Oberprieler et al. 2007). This rearing experiment exemplifies the high diversity in this large 
beetle family. When compared to cerambycids reared from the same branches, curculionids were 
more species rich and emerged in much higher abundance: Curculionidae: 8,671 from 91 species 
and Cerambycidae: 3,549 individuals from 49 species (Li et al. 2017). Other rearing experiments 
have yielded more curculionids in moist forests and more cerambycids in drier forests 
(Wermelinger et al. 2007; Berkov unpubl. data), suggesting that curculionids may have some 
reproductive or survival advantage over cerambycids in very moist forests.  
Cerambycids, unlike curculionids, lay eggs in crevices or slits in the bark (Hanks et al. 
1999). After hatching, cerambycid larvae have to find their way to their optimal food sources 
near the cambium. During this process, fragile first instar larvae are exposed to the environment, 
and thus, have a greater risk of dying. On the other hand, curculionids have an elongated 
rostrum, which is used to make oviposition holes where eggs are laid (Anderson 1995; McKenna 
et al. 2009). After hatching, curculionid larvae have to travel a shorter distance with limited 
exposure to the environment, and thus, might have a survival advantage over cerambycids. 
However, more detailed experiments should be conducted to test for larval survival rates after 
oviposition by curculionids and cerambycids. 
Although most cerambycids are thought to feed exclusively on secondary xylem (Hanks 
et al. 1999), curculionids have developed multiple ways of exploiting deadwood. Weevil and 
bark beetle larvae can feed within the inner bark and sapwood. Adult ambrosia beetles, on the 
other hand, create galleries inside trees and tree logs, where eggs are laid and nurtured, and fungi 
is farmed for adult and larval consumption (Kirkendall 1983; Hulcr et al. 2007; Kirkendall 2015; 
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Hulcr & Stelinski, 2017). Curculionids’ diverse feeding strategies can potentially decrease 
competition, thus, allowing multiple species to co-exist, even though some emerge in high 
abundance.  
Overall, Scolytinae was the most species rich and abundant subfamily in this rearing 
project, with most of the species being ambrosia beetles. These emerged primarily during the 
rainy season (August-October, data not shown) and at the ground stratum. This indicates 
dependence on an environment with high moisture, perhaps because high humidity provides 
ambrosia beetles with the optimal environment to grow the fungus on which they depend. These 
results parallel those of similar projects on ecological preferences of scolytines (Fassbender et al. 
2014; Berkov unpubl. data, Farrell et al. 2001). Furthermore, the hyper-abundance of ambrosia 
beetles could be caused by their social behavior, which allows them to form colonies and have 
multiple generations under bark (Kirkendall et al. 2015). 
Emergences of other subfamilies (Conoderinae, Cryptorhynchinae, and Molytinae) were 
more evenly distributed over time. However, most of the abundance from Cryptorhynchinae and 
Molytinae peaked during the dry season months (December-February, data not shown). 
Fassbender et al. (2014) found that curculionids were more abundant and species rich during the 
rainy season, and suggested that this was because during the dry season they are more prone to 
desiccation due to their small size. Interestingly, most cryptorhynchines and molytines are 
generally larger than the scolytines reared here (Morillo, personal observation), suggesting that 
these two subfamilies may be more drought-tolerant than scolytines; still, more research is 





Forest Stage and Strata 
Habitat heterogeneity seems to play a role in determining species richness. Even though 
there was more wood available in OG forest, secondary forest yielded higher species richness. 
However, based on species accumulation curves, this difference was not statistically significant. 
Other studies have also found no significant difference in species diversity between secondary 
(intermediate stage) and OG forests (Chazdon 2009; Neves et al. 2010; Nyafwono et al. 2014; Li 
et al. 2017). This particular pattern could be due to the Osa Peninsula being a mosaic of OG and 
semi-mature secondary forests (> 25 years old) (Sandor & Chazdon, 2014), and can be explained 
by the intermediate disturbance hypothesis, first proposed by Connell in 1978. Forest mosaics 
allow for the relatively easy movement of species between forest successional stages, and species 
accumulate in secondary forest due to higher habitat heterogeneity (Baldi 2008; Bihn et al. 2008; 
Seibold 2016). On the contrary, OG forest had a much higher abundance than secondary forest. 
This pattern was also shown in the forest type specialization results. The number of specialist 
species was higher in secondary forest, while abundance of specialists was higher in OG (Table 
3). This was largely due to the presence of two very abundant ambrosia species, M. posticum and 
P. cavipennis, in OG forest. These two species alone, both preferentially associated with 
Eschweilera biflava, made up more than twice the number of individuals of all secondary forest 
specialists combined. 
Within both forest stages, ground stratum had higher abundances of curculionids than 
canopy stratum. This can be mainly attributed to ambrosia beetles, which were extremely 
abundant and had usually preferred ground stratum.  Interestingly, after abundances were 
corrected for the unequal number of branches available at canopy and ground strata, canopy 
stratum produced more than twice the expected number of individuals in OG, and came closer to 
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approaching the expected number of individuals than ground stratum in secondary forest (Fig. 3). 
This could be explained by the unusually wet environment and dense canopy on the Osa 
Peninsula (Sanchez-Azofeifa et al. 2002; Cornejo et al. 2012). Branches in the canopy are 
exposed to more sun but also more precipitation, which might prevent desiccation. These results 
parallel those found by Seibold et al. (2016) in a national park in southeastern Germany. In this 
study, OG forest produced a higher abundance, but sunny forest plots yielded higher species 
diversity and richness. This suggests that mid-successional forests accommodate both drought-
tolerant and moisture-dependent insect species.  
 
Host Plants and Community Composition 
This rearing experiment suggests that host plant species is the most important factor in 
determining the community composition of curculionids, but that there is much of variability 
among conspecific trees. The Brazil nut and legume plant families were the preferred hosts for 
curculionids. Lecythidaceae and Fabaceae yielded about 75% of the total number of individuals 
(4,356 individuals in 51 species, and 2,175 individuals in 44 species, respectively). It is notable 
that species in the conoderine genus Piazurus, and the scolytine tribe Corthylini were associated 
almost exclusively with Lecythidaceae, while Platypodinae were associated with Fabaceae. 
Similar preferences for these two diverse plant families have been observed in other rearing 
projects for curculionids and cerambycids (Novotny 2012; Fassbender 2014; Li et al. 2017).  
Curculionids did not show a strong pattern of discrimination between the two species of 
Malvaceae, however, the plant family produced a relatively high number of host specialists. A 
close association was observed between the beetle subfamily Cossoninae and the plant family 
Moraceae. The only three Cossoninae species were Moraceae specialists, and two were indicator 
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species. This is surprising, since cossonines are members of a cosmopolitan group that usually 
show little to no host specificity (Oberprieler 2007). Furthermore, cossonines and other 
curculionids that emerged from Castilla tunu were most abundant at canopy stratum and thin 
branches. Perhaps this helps the beetles avoid the latex produced by Moraceae. However, more 
work needs to be conducted on the spatial distribution of plant chemical defenses. 
In the Osa Peninsula, approximately 97% of curculionid species were specialists or 
showed a preference for a particular plant host. Broad host plant generalists were represented 
only by two species; C. carinifer (weevil), and H. plumeriae (a bark beetle). All ambrosia beetles 
were found to be specialists or had a preference for a particular plant host family, almost always 
Fabaceae or Lecythidaceae. These results don’t agree with the findings on host specificity of 
ambrosia beetles by Hulcr et al. (2007), in which 95% of ambrosia beetles were categorized as 
broad generalists. Bark beetle host specificity, however, does correspond with the results from 
Hulcr et al. (2007). With the exception of one host generalist (H. plumeriae), bark beetles were 
specialists, or showed a preference for a particular host plant family. As a group, though, bark 
beetles did not seem to prefer a particular plant family, as opposed to ambrosia beetles (94% 
were preferentially associated with Lecythidaceae or Fabaceae) or weevils (47% were 
preferentially associated with Malvaceae).  
In the tropics, bark beetles have been reported to emerge in relatively low numbers of 
species and abundance when compared to those in temperate forests (Marvaldi et al. 2002; Hulcr 
et al. 2007). With the exception of three abundant bark beetles (H. eruditus, H. elegans, E. 
posticus), the Osa Peninsula was consistent with this pattern. Bark beetles were represented by 
13 species; only three species exceed 50 individuals (Appendix 2). Bark beetles may emerge in 
higher numbers in conifer forests because gymnosperms (dominant group) are their ancestral 
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hosts, whereas in the tropics, angiosperms are a derived lineage with more sophisticated 
chemical defenses (Marvaldi et al. 2002; Hulcr et al. 2007), inhibiting bark beetle colonization. 
Conoderinae and Cryptorhynchinae had relatively heterogeneous diets. These two 
subfamilies were reared from all available plant host species, except P. torta (Fig. 7). In the 
families Lecythidaceae and Malvaceae, these subfamilies were second in abundance to 
Scolytinae, but they reached their greatest abundance in the legume species T. tessmannii—
which yielded very few scolytines. Although Molytinae accounted for < 1% of curculionid 
abundance, it was also reared from five of the nine host-plants species; however, most 
individuals were reared from A. tibourbou. Scolytinae were reared mainly from E. biflava and L. 
macrophyllus, although E. biflava produced a much higher proportion of indicator scolytine 
species, suggesting that they colonized more of the individual trees (Table 3, Fig. 7a & 7b). Both 
Platypodinae species almost exclusively emerged from, and were host-specialists to L. 
macrophyllus.  
Lecythidaceae yielded the highest number of indicator species (N = 14) and second 
highest number of specialists (N = 7). It’s not surprising that saproxylic beetles favor this plant 
family. Lecythidaceae is restricted to the tropics, with some of the most abundant plant species in 
Amazonia (Mori et al. 2007). Eschweilera biflava and G. brachycarpa had, for the most part, 
different beetle communities. G. brachycarpa produced relatively few curculionids, with only 
three species represented by more than 10 individuals. All specimens from E. biflava yielded 
similar beetle assemblages; several indicator species were reared from branches exposed within 
both forest successional stages (Fig. 7). This may have been influenced by their relatively close 
proximity (data not shown). The two Fabaceae host species, L. macrophyllus and T. tessmannii, 
had the greatest difference in community composition. These species are distantly related and the 
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genera differ in wood anatomy. Lonchocarpus macrophyllus, encountered only in secondary 
forest, is characterized by relatively light wood with abundant axial parenchyma, while T. 
tessmannii, encountered primarily in OG forest, has dense wood that lacks abundant axial 
parenchyma. (Wiendenhoeft et al. 2004; Torres and Berkov, unpubl. data). These patterns of host 
specificity and community composition of saproxylic beetles are similar to the findings of other 
studies on cerambycids and weevils (Lee 2014, Li et al. 2017).  
 
CONSERVATION ─ Saproxylic curculionids and cerambycids are among the first organisms to 
colonize dead or dying trees, thus initiating the nutrient cycle. These primary saproxylic beetles 
increase accessibility of that resource to other organisms, which expedite decomposition 
(Schroeder 1992; Hammond et al. 2001). Saproxylic beetles depend on tree logs and specific 
environmental conditions, making them vulnerable to forest disturbance. Forest disturbances 
create environmental filters, which disrupt the assemblages of, and interactions among, species. 
This allows certain species to become invasive, and detrimental to established communities 
(Kirkendall and Ødegaard, 2007; Kenis et al. 2008). Four non-native species were reared in this 
study. Premnobius cavipennis, native to tropical Africa and the most abundant curculionid 
species, was an OG forest and canopy specialist (Morillo & Berkov, in review). This study 
suggests that in both mature and semi-mature forests, curculionids and cerambycids (Li et al. 
2017) strongly depend on their plant hosts. Therefore, forest disturbances such as deforestation 
and logging can negatively impact saproxylic communities. Deforestation is now prohibited 
throughout Costa Rica and forest land-cover is increasing (Fagan et al. 2013). Even so, this study 
could be used for exploring community structure, with implications for the conservation of 
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saproxylic beetles in other biodiverse regions that are still being exploited, such as certain 
regions in Amazonia, tropical Africa, and southeast Asia. 
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Appendix 1: Host trees sampled at the Osa Peninsula, Costa Rica, adapted from Li et al. (2017). 
Plant Family Plant Species Tree IND DBH (cm) 
Forest 
Stage Latitude Longitude 
Canopy Branch 
Dimension (cm) 
Fabaceae Lonchocarpus macrophyllus 35 38.10 Secondary 8.399583 -83.33728 8.0 x 8.0 x 75 
Fabaceae Lonchocarpus macrophyllus 36 17.78 Secondary 8.399583 -83.33728 7.0 x 7.5 x 75 
Fabaceae Lonchocarpus macrophyllus 37 40.64 Secondary 8.400133 -83.3372 8.5 x 9.5 x 75 
Fabaceae Lonchocarpus macrophyllus 38 25.40 Secondary 8.400117 -83.33727 9.5 x 9.0 x 75 
Fabaceae Tachigali tessmannii 10 16.51 Secondary 8.405017 -83.33652 5.5 x 6.0 x 75 
Fabaceae Tachigali tessmannii 13 121.92 OG 8.407867 -83.33622 9.0 x 9.0 x 75 
Fabaceae Tachigali tessmannii 14 88.90 OG 8.4083 -83.33597 9.0 x 9.0 x 75 
Fabaceae Tachigali tessmannii 18 76.20 OG 8.409033 -83.33558 9.5 x 9.5 x 75 
Fabaceae Tachigali tessmannii 25 45.72 OG 8.409917 -83.32998 6.5 x 6.5 x 75 
Lecythidaceae Eschweilera biflava 28 35.56 OG 8.40025 -83.34102 8.0 x 9.0 x 75 
Lecythidaceae Eschweilera biflava 29 33.02 OG 8.399983 -83.34118 5.0 x 6.5 x 75 
Lecythidaceae Eschweilera biflava 31 45.72 OG 8.399983 -83.34118 5.5 x 7.5 x 75 
Lecythidaceae Eschweilera biflava* 32 15.24 Secondary 8.398 -83.33958 N/A 
Lecythidaceae Gustavia brachycarpa* 26 17.78 OG 8.40985 -83.32987 N/A 
Lecythidaceae Gustavia brachycarpa 33 19.05 Secondary 8.398117 -83.3395 7.0 x 7.5 x 75 
Lecythidaceae Gustavia brachycarpa 34 20.32 Secondary 8.398117 -83.3395 7.0 x 7.0 x 75 
Lecythidaceae Gustavia brachycarpa 40 21.59 OG 8.405183 -83.33312 9.0 x 7.5 x 75 
Lecythidaceae Gustavia brachycarpa 42 16.51 OG 8.405183 -83.3318 6.5 x 7.0 x 75 
Lecythidaceae Gustavia brachycarpa 43 24.13 OG 8.405317 -83.33128 8.0 x 9.0 x 75 
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Plant Family Plant Species Tree IND DBH (cm) 
Forest 
Stage Latitude Longitude 
Canopy Branch 
Dimension (cm) 
Malvaceae Apeiba tibourbou 23 35.56 OG 8.410433 -83.33167 8.5 x 8.5 x 75 
Malvaceae Apeiba tibourbou* 39 35.56 Secondary 8.403667 -83.33428 N/A 
Malvaceae Apeiba tibourbou 44 15.24 OG 8.40675 -83.3301 5.0 x 5.0 x 75 
Malvaceae Apeiba tibourbou 49 25.40 Secondary 8.405633 -83.3366 6.5 x 7.5 x 75 
Malvaceae Apeiba tibourbou 21 23.368 OG 8.41035 -83.33192 6.0 x 6.0 x 75 
Malvaceae Apeiba tibourbou 22 34.29 OG 8.410333 -83.33187 8.5 x 8.5 x 75 
Malvaceae Luehea seemannii 1 35.56 Secondary 8.40455 -83.33775 5.7 x 6.2 x 75 
Malvaceae Luehea seemannii 2 60.96 Secondary 8.405 -83.33768 8.5 x 7.5 x 75 
Malvaceae Luehea seemannii 6 60.96 Secondary 8.405617 -83.33722 7.5 x 7.0 x 75 
Malvaceae Luehea seemannii 8 40.64 Secondary 8.406267 -83.33755 8.0 x 8.0 x 75 
Moraceae Castilla tunu 3 27.94 Secondary 8.405083 -83.33775 7.0 x 8.5 x 75 
Moraceae Castilla tunu 5 30.48 Secondary 8.4053 -83.33733 6.5 x 7.5 x 75 
Moraceae Castilla tunu 7 30.48 Secondary 8.40675 -83.33715 8.5 x 7.0 x 75 
Moraceae Castilla tunu 9 25.40 Secondary 8.405017 -83.33893 8.0 x 8.5 x 75 
Moraceae Castilla tunu 11 101.60 OG 8.407333 -83.33665 11.0 x 9.5 x 75 
Moraceae Castilla tunu 15 35.56 OG 8.4085 -83.3359 7.5 x 8.0 x 75 
Moraceae Castilla tunu 16 38.10 OG 8.4083 -83.33562 8.5 x 9.0 x 75 
Moraceae Castilla tunu 19 45.72 OG 8.408833 -83.33527 6.5 x 7.0 x 75 
Sapotaceae Pouteria torta 12 76.20 OG 8.4073333 -83.33665 6.0 x 6.0 x 75 
Sapotaceae Pouteria torta 17 91.44 OG 8.4085333 -83.33548 8.0 x 9.0x 75 
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Plant Family Plant Species Tree IND DBH (cm) 
Forest 
Stage Latitude Longitude 
Canopy Branch 
Dimension (cm) 
Sapotaceae Pouteria torta 27 63.50 OG 8.4089333 -83.33246 6.0 x 7.0 x 75 
Rubiaceae Chimarrihis Jacq. 4 50.80 Secondary 8.4050833 -83.33775 7.5 x 7.5 x 75 
 N = 41       
 
Abbreviations are as follow: IND: individual tree number; DBH: tree individual’s diameter at breast height. Host plants with an asterisk (*) 















Appendix 2: Summary of all beetles in the family Curculionidae, reared from the Osa Peninsula of Costa Rica. All beetles were sorted by 
subfamily, tribe, and beetle species. 
 
Curculionidae  OG    Sec     Fab   Lec     Mal   Mor Rub Sap 
 N C G C G LM TT EB GB AT LS CT CJ PT 
Baridinae               
Madopterini               
Buchananius sp. 1 1 - - - 1 - - - - - 1 - - - 
Conoderinae               
Lechriopini               
Lechriops coarctata Champion, 1906 8 - - - 8 (7) - - - - - - 8 - - 
Lechriops festivus Champion, 1906 2 - 2 - - - - - - 2 - - - - 
Lechriops paroticus Champion, 1906 4 4 - - - - - - - 4 - - - - 
Lechriops porcata Champion, 1906 43 - 2 (1) 15 26 (13) 4 - - - - - 38 1 - 
Lechriops sp. 2 22 2 16 1 3 - - - - 21 1 - - - 
Piazurini               
Piazurus laetus Pascoe, 1888 41 - 40 (4) - 1 1 - 40 - - - - - - 
Piazurus maculipes Gyllenhal, 1838 5 - 5 - - - - 2 3 - - - - - 
Piazurus sp. 3 4 - 4 - - - - - 4 - - - - - 
Pseudopinarus condyliatus Boheman, 1838 50 - 4 (1) 1 45 (18) 2 - 1 3 - 38 6 - - 
Zygopini               
Archocopturus medeterae Hespenheide, 2005 6 - - - 6 (6) - - - - - 6 - - - 
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Curculionidae  OG    Sec     Fab   Lec     Mal   Mor Rub Sap 
 N C G C G LM TT EB GB AT LS CT CJ PT 
Eccoptus marmoreus Desbrochers, 1890 1 - - - 1 (1) - 1 - - - - - - - 
Macrocopturus ruficollis Champion, 1906 15 - - 14 1 (1) 14 - - - - 1 - - - 
Macrocopturus sp. 4 2 1 1 - - - - - - 2 - - - - 
Zygops disjunctus Boheman, 1838 4 - 4 - - - - 4 - - - - - - 
Zygops histrio Boheman, 1838 3 - 3 (1) - - - - 3 - - - - - - 
Zygops sellata Champion, 1906 194 11 67 (26) - 116 (55) - 113 29 - 17 33 2 - - 
Cossoninae               
Cossonini               
Cossonus foveatus Boheman, 1838 99 56 17 (10) 2 24 (2) - - - 1 - 1 97 - - 
Dryotribini               
Micromimus minimus Champion, 1909 307 289 7 (6) 11 - - - - 1 - - 301 5 - 
Pseudapotrepini               
Pseudapotrepus macrophthalmus 
Champion, 1910 6 1 - 4 1 (1) - - - - - - 6 - - 
Cryptorhynchinae               
Cryptorhynchini               
Cryptorhynchinae sp. 5 4 - 4 - - - - 4 - - - - - - 
Cryptorhynchini sp. 6 10 1 9 (4) - - - 10 - - - - - - - 
Cryptorhynchini sp. 7 11 10 1 (1) - - - - - - 11 - - - - 
cf. Apteromechus sp. 8 3 1 - - 2 (2) - 1 1 - - 1 - - - 
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Curculionidae  OG    Sec     Fab   Lec     Mal   Mor Rub Sap 
 N C G C G LM TT EB GB AT LS CT CJ PT 
cf. Tyrannion sp. 9 26 - 5 (2) 3 18 (1) - - - 4 4 16 - 2 - 
Cryptorhynchus alutaceus Champion, 1906 3 - 1 (1) - 2 (1) - - 1 1 - 1 - - - 
Cryptorhynchus cancellatus Champion, 1906 1 - - - 1 - - - - - 1 - - - 
Cryptorhynchus carinifer Champion, 1906 33 7 6 (3) 2 18 (12) - 2 14 2 1 14 - - - 
Cryptorhynchus fraterculus Champion, 1906 10 - 3 (1) - 7 (4) - - 3 - 1 6 - - - 
Cryptorhynchus ignobilis Champion, 1906 96 3 73 (73) 6 14 (3) 6 7 81 1 - - 1 - - 
Cryptorhynchus sinuatipes Champion, 1906 1 - - 1 - 1 - - - - - - - - 
Cryptorhynchus sp. 10 5 - - - 5 (5) 1 - - - - 4 - - - 
Cryptorhynchus sp. 11 1 1 - - - - - - - 1 - - - - 
Cryptorhynchus sp. 12 11 - 10 (1) - 1 - 10 - 1 - - - - - 
Eubulus alticarinatus Champion, 1905 9 - - - 9 (9) - - - - - 9 - - - 
Eubulus brevis Champion, 1905 29 - - - 29 (27) 27 - - - - 2 - - - 
Eubulus circumlitus Champion, 1905 26 - 4 (4) 1 21 (19) 20 - 6 - - - - - - 
Eubulus curvifasciatus Champion, 1905 2 - - - 2 - - - - - 2 - - - 
Eubulus ignifer Champion, 1905 17 1 - - 16 (13) - - 9 - - 7 1 - - 
Eubulus melanodiscus Champion, 1905 2 - - - 2 - - - - - 2 - - - 
Eubulus nigrodiscus Champion, 1905 1 - 1 - - - - - 1 - - - - - 
Eubulus sp. 14 4 - 4 - - - - - 4 - - - - - 
cf. Eubulus sp. 15 15 - 10 (3) - 5 (1) - 1 - - 13 1 - - - 
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Curculionidae  OG    Sec     Fab   Lec     Mal   Mor Rub Sap 
 N C G C G LM TT EB GB AT LS CT CJ PT 
Pisaeus complanatus Champion, 1906 55 9 15 (14) 30 1 (1) - 2 - - 52 1 - - - 
Pisaeus varicus Champion, 1906 120 15 18 (8) 32 55 (11) 1 1 - - 78 40 - - - 
Sternocoelus tardipes Boheman, 1837 19 - 6 (1)  - 13 (1) - - - - 10 2 7 - - 
Gasterocercini               
Gasterocercini sp. 17 415 96 319 (124) - - - 410 3 - 2 - - - - 
Curculioninae               
Otidocephalini               
Myrmex sp. 18 2 - 2 - - - - - 1 1 - - - - 
Molytinae               
Anchonini               
Acorep (Acorep) sp. 19 14 - 12 (12) - 2 (2) - - - 1 8 - 5 - - 
Acorep (Spinachonus) sp. 20 29 - 24 (8) - 5 (1) - - - - 20 2 7 - - 
Acorep (Spinachonus) sp. 21 23 10 7 (5) 5 1 (1) - - - 5 12 1 5 - - 
Geobyrsa nodifera Pascoe, 1872 2 - 2 - - - - - 2 - - - - - 
Conotrachelini               
Microhyus angustatus Champion, 1905 2 - - - 2 (2) 2 - - - - - - - - 
Microhyus brevipes Champion, 1905 4 - - - 4 - - - - - 3 1 - - 
Microhyus hystrix Champion, 1905 4 - - - 4 (1) 1 - - - - 3 - - - 
Microhyus longisetis Champion, 1905 4 - - - 4 (4) 4 - - - - - - - - 
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Curculionidae  OG    Sec     Fab   Lec     Mal   Mor Rub Sap 
 N C G C G LM TT EB GB AT LS CT CJ PT 
Platypodinae               
Platypodini               
Euplatypus segnis Chapuis, 1865 a 104 - 4 - 100 (2) 100 - 4 - - - - - - 
Megaplatypus artecarinatus Schedl, 1935 a 249 - 6 - 243 243 - 6 - - - - - - 
Scolytinae               
Corthylini               
Amphicranus sp. 30 a 3 3 - - - - - 3 - - - - - - 
Amphicranus sp. 31 a 22 - 21 (2) - 1 1 - 21 - - - - - - 
Monarthrum corculum Wood, 1974 a 233 - 180 (4) - 53 (6) 33 3 193 - - - 4 - - 
Monarthrum posticum Wood, 1974 a 1364 21 1243 (274) - 100 (31) 55 - 1281 3 - - 23 - 2 
Monarthrum robustum Schedl, 1966 a 234 4 228 (2) - 2 - - 234 - - - - - - 
Phloeotribini               
Phloeotribus sp. 24 b 3 - 1 (1) 1 1 - - - - - - 3 - - 
Dryocoetini               
*Coccotrypes cyperi Beeson, 1929 b  30 - 20 (7) - 10 (5) 1 - 7 11 3 8 - - - 
Micracidini               
Hylocurus elegans Eichhoff, 1872 b 345 - - 328 17 (8) 345 - - - - - - - - 
Cryphalini               
Hypothenemus crudiae Panzer, 1791 b 11 7 - 3 1 (1) - - - - 7 2 2 - - 
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Curculionidae  OG    Sec     Fab   Lec     Mal   Mor Rub Sap 
 N C G C G LM TT EB GB AT LS CT CJ PT 
Hypothenemus eruditus Westwood, 1836 b 422 92 81 (68) 149 100 (90)  3 1 79 10 97 131 101   - - 
Hypothenemus plumeriae Nordlinger, 1856 b 19 - 9 (4) - 10 (5) 2 - 7 2 3 - 5 - - 
Hypothenemus vesculus Wood, 1974 b 4 - - 4 - - - - - - 4 - - - 
Trischidia exiguus Wood, 1986 c 32 1 - 21 10 (10) 21 - - 1 - 10 - - - 
Ipini               
*Premnobius cavipennis Eichhoff, 1878 a  1476 1133  339 (236) 1 3 (1) 1 15 792 1 - - - 
  
- 667 
Hexacolini               
Pycnarthrum sp. 23 b 8 1 - 7 - - - - - - - 8 - - 
Xyleborini               
Coptoborus catulus Blandford, 1898 b 7 - - 5 2 7 - - - - - - - - 
Coptoborus vespatorius Schedl, 1931 b 6 1 5 - - - - 5 1 - - - - - 
Euwallacea posticus Eichhoff, 1869 b 78 - 11 (1) - 67 (1) 67 - 8 1 1 - 1 - - 
Taurodemus flavipes Fabricius, 1801 b 2 - - - 2 - - 2 - - - - - - 
Theoborus theobromae Hopkins, 1915 b 4 - - - 4 4 - - - - - - - - 
Xyleborus affinis Eichhoff, 1868 a 210 17 131 (9) - 62 (1) 39 - 143 1 - - 27 - - 
Xyleborus bispinatus Eichhoff, 1868 a 1068 58 619 (22) - 391 (81) 178 9 751 23 19 1 48 - 39 
Xyleborus discretus Eggers, 1933 a 56 - 17 1 38 32 - 18 2 1 2 1 - - 
Xyleborus ferrugineus Fabricius, 1801 a 576 29 361 (24) 3 183 (15) 159 - 337 47 1 2 30 - - 
Xyleborus horridatus Wood, 1967 a 33 - - - 33 33 - - - - - - - - 
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Curculionidae  OG    Sec     Fab   Lec     Mal   Mor Rub Sap 
 N C G C G LM TT EB GB AT LS CT CJ PT 
Xyleborus impolitus Wood, 2007 a 186 - 13 (2) 1 172 173 - 11 2 - - - - - 
Xyleborus semipunctatus Eggers, 1933 a 11 - - - 11 7 - - - 1 - 3 - - 
Xyleborus sp. 25 a 1 - - 1 - 1 - - - - - - - - 
Xyleborus sp. 50 a 2 - 2 - - - - 2 - - - - - - 
Xyleborus sparsipilosus Eggers, 1933 a 20 - 19 - 1 (1) - - 19 - - - 1 - - 
Xyleborus volvulus Fabricius, 1775 a 59 - 47 (3) - 12 (1) - - 53 1 3 - 2 - - 
*Xylosandrus crassiusculus Motschulsky, 
1866 a 46 - 17 (1) - 29 (20) - - 36 - 1 1 5 - 3 
*Xylosandrus morigerus Blandford, 1894 a  7 - - 2 5 (2) - - - 2 5 - - - - 
TOTAL 8761 1885 4082 (946) 655 
2139 
(506) 1589 586 4213 143 402 360 
74
9 8 711 
N represents the total number of individuals for a particular species, while numbers in parentheses (N) represent the number of individuals 
that emerged from thin branches. The abbreviations for forest stage and strata are as follow: OG = old-growth forest and Sec = secondary 
forest; C = canopy and G = ground. Plant family are as follow: Fab = Fabaceae, Lec = Lecythidaceae, Mal = Malvaceae, Mor = Moraceae, 
Rub = Rubiaceae, and Sap = Sapotaceae. Host plant species: LM = Lonchocarpus macrophyllus, TT = Tachigali tessmannii, EB = 
Eschweilera biflava, GB = Gustavia brachycarpa, AT = Apeiba tibourbou, LS = Luehea seemannii, CT = Castilla tunu, CJ = Chimarrihis 
Jacq., and PT = Pouteria torta. Curculionid species with an (a) = Ambrosia beetles; (b) = Bark Beetles; (c) = Free living fungus. Species 
marked with an asterisk (*) represent species that are not native to the Americas.
56 
 
 
